ABSTRACT: Hemolymph characteristics were examined in experimentally cultured blue mussels Mytilus galloprovincialis Lmk, from 2 locations in the Ria d e Vigo (NW Spain). The highest protein, lysozyrne and agglutinin values were found in July. The increase of agranular hemocytes and the decrease of granular blood cells in April was associated with parasitism by Mytilicola intestinalis. No linkage was found between the number of circulating hemocytes and hemolymph component (lysozyrne, agglutinins and proteins) concentrations with parasitism. It is suggested that the number of circulating hemocytes, lysozyme and proteins levels and agglutination titer were related to the reproductive cycle and varied according to the location of mussels.
INTRODUCTION
Hemocytes represent the most important internal immune defense system against foreign material in marine bivalve molluscs (Cheng 1981 , Bayne 1983 , Rasmussen et al. 1985 . The exact function of bivalve humoral factors in internal defense is not clear (Chu 1988) . Variations in the number and type of hemocytes in bivalve molluscs experimentally challenged with foreign material have been described (Farley 1968 , Moore & Lowe 1977 , Suresh & Mohandas 1990 . Seasonal changes in the environmental factors affect number, type and defensive capacity of hemocytes (Feng 1965 , Thompson et al. 1978 , Fisher et al. 1989 . However, it is believed that changes in lysozyme, agglutinin and proteins reflect internal defense mechanisms (Tripp 1966 , McDade & Tripp 1967 , Feng & Canzonier 1970 , Hardy et al. 1976 . Alterations in the components of the hemolymph associated with parasites have been attributed to the release of materials from damaged tissue (Feng & Canzonier 1970, Ford et 'Addressee for correspondence al. 1993) , rapid utilisation of host nutrients by the parasite, decrease of the host's feeding rate (Bayne et al. 1979 ) and decrease of reproductive activity (Mulvey & Feng 1981) . Numerous investigations (Mulvey & Feng 1981 , Fisher & Newel1 1986 , Chu & La Peyre 1989 , Ford et al. 1993 have documented seasonal and environmental variations in hemolymph constituents which may be linked to the reproductive cycle.
The parasites and pathological conditions observed in cultured blue mussels Mytilus galloprovincialis Lmk. from Galicia (NW Spain) have been described by Fernandez et al. (1990) , Figueras et al. (1991) and Gomez Mourelle (1993) . Mytilicola intestinalis is the parasite that reaches the highest prevalence in mussels from this area. The same authors reported that this copepod causes hemocytic infiltration and damage in the tissues. However, to our knowledge, nothing has been reported about the possible effects of such parasites on the hemolymph components of M. galloprovincialis.
In this study, we analyse the influence of exogenous (temperature and food availability) and endogenous (reproductive cycle) factors on the variations in hemolymph. The relationship of hemolymph constituents .:l,; + . : : . . . i t , j ,, ! Dis. aquat. Org. 18: 217-222, 1994 with ~Vytilicola intestinalis parasitizing mussels was also investigated, comparing the hemolymph of parasitized and non-parasitized mussels.
MATERIALS AND METHODS
Animals. Blue mussels Mytilus galIoprovincialis, 47.3 mm in mean length (SD = 4.14) and 12.3 g in mean weight (SD = 3.63), were taken from collectors in Meira in the Ria de Vigo (middle area, water temperature ranging between 12.3 and 20.3 "C and salinity between 29 and 35 ppt; Prego & Fraga 1992) in February 1990. The mussels were placed in baskets submerged to 5 m from the rafts in Limens (outer area of Ria d e Vigo, salinity between 32 and 35 ppt) and Domayo (inner area, salinity between 26 and 35 ppt) (Prego & Fraga 1992) (Fig. 1 ). These localities represent 2 areas where mussels are cultured, the parasite load being higher in mussels cultured in the inner area than in the outer area of the Ria d e Vigo (Figueras et al. 1991, Robledo unpubl.) . Between April 1990 and January 1991, 20 mussels were collected from each site in each of the 4 seasons (April, July, October and January).
Hemolymph collection. Hemolymph samples ( l ml) were withdrawn from the posterior adductor muscle with a syringe. An aliquot of hemolymph (100 pl) was fixed in a solution of 1 % formalin in TBS (Tris buffer saline 0.05 M, pH 8.4) and the density of circulating hemocytes was determined using a Neubauer hemocytometer. For examination of cellular morphology, 100 p1 of fresh hemolymph was placed on a glass slide, and maintained for 5 min at 20 "C to allow settlement of hemocytes which were then fixed for 5 min in sea- water containing 2.5 % glutaraldehyde. Subsequently, the slides were rinsed for 2 rnin in distilled water, dehydrated in 96% ethyl alcohol for 1 min, and air dried. These preparations were stained with the Hemacolor Kit (Merck), rinsed with delonized water, and air dried. Hemolymph samples were centrifuged and the cellfree hemolymph or serum was stored at -20 "C. Assay of PLP agglutination titer. The determination of agglutination titer was completed using the technique of S. Feng (pers. comm.) : 100 p1 of serum was serially diluted in TBS in a 96-well tissue culture plate. Two rnicroliters of PLP (polystyrene latex particles, 0.6 pm in diameter, Sigma LB-6, USA) at 2.5% in sterile seawater was placed in each well and mixed thoroughly. The mixtures were incubated at room temperature for 30 min. Sterile seawater was used as the control. Activity is expressed as the reciprocal of the highest dilution causing agglutination of PLP.
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Assay of lysozyme activities. Lysozyme activity was analysed spectrophotometrically according to the method of Shugar (1952) . A standard suspension of Microccocus lysodeikticus (15 mg 100 ml-l) with a n absorbance of 0.6 to 0.7 was prepared in 0.066 M phosphate buffer (pH 6.24). Mussel cell-free hemolymph (50 p1) was added to 1 m1 of bacterial suspension, and the decrease in absorbance was recorded at 450 nm at 1 min intervals for 5 to 10 rnin at room temperature (20 to 22OC) using a Hewlett Packard 8452A spectrophotometer. Standard solutions containing 1, 2.5, 5, 10 and 15 pg of lysozyme per m1 of 0.066 M phosphate buffer (pH 6.24) were prepared from crystalline hen egg white lysozyme (Sigma L-6876, USA). The average decrease in absorbance per minute (AA min-l) was determined for each enzyme solution and a standard curve of enzyme concentrations versus AA min-l was constructed. A unit is defined as the amount of enzyme in the extract that produced an activity equivalent to 1 pg of lysozyme, under the conditions described above. Results are expressed as unit of lyzozyme per pg of hemolymph protein.
Determination of protein concentration. Total hemolymph protein concentration was measured by the method of Lowry et al. (1951) using bovine serum albumin (BSA) as a standard. Results are expressed in terms of mg of bovine serum albumin equivalent per m1 of hemolymph.
Histopathological studies. After hemolymph collection, mussels were fixed whole in Davidson's fixative (Shaw & Battle 1957) for 24 h and oblique transverse sections, approximately 5 mm thick, were taken from each specimen so that mantle, gonad, digestive gland, gills, kidney and foot were included. Tissue samples were embedded in paraffin wax and 5 p sections were stained with iron hematoxylin, acid fuchsin and I aniline blue (Gray 1954) . Mussels were monitored RESULTS for the presence of parasites at 400x to 1000x magnification.
The lowest values of circulating hemocytes were The fraction of each gonad cell type (ripe gametes, found in July at both locations and the highest values developing gametes, spent follicles, adipogranular corresponded to Limens (Table 1 ). There were statisticells, vesicular connective tissue cells) was assessed cally significant differences (ANOVA; n = 158, p = 0.004) using a Weibel graticule .
for this parameter between both locations. The number Determination of chlorophyll a contents and water of circulating hemocytes was not influenced by the temperature. The exogenous factors, chlorophyll a collection date (ANOVA; n = 158, p = 0.010). The per-(chl a) as an indicator of food availability and temperacentage of granular hemocytes ranged from 64.13 to ture, were measured to determine their effect on the 92.37 % and agranular hemocytes from 7.72 to 35.93 %. levels of hemolymph constituents. The data on chl a
The highest number of agranular hemocytes was found content and water temperature were kindly provided at both sites in April (Table 1 ). The collection date and by the Oceanography Department at Instituto de site had no influence on the number of agranular and Investigaciones Marinas-CSIC, Vigo. Determination granular hemocytes (ANOVA, n = 158, p > 0.05). Statisof chl a was done following the methods of Yentsch tically significant differences were found between the & Menzel (1963) .
number of circulating hemocytes in Mytilicola intestiStatistical analysis. Hemolymph constituent levels nalis-infested mussels from Domayo and non-infested were compared with respect to each locality and month, ones (ANOVA; n = 156, p = 0.030). Significant differusing a n analysis of variance (ANOVA) provided by ences were also seen in the number of granular the SYSTAT statistical package (Systat, Inc.). The and agranular hemocytes in infested vs non-infested hemolymph components were also examined using mussels from Limens (ANOVA; n = 158, p = 0.040 and an ANOVA with respect to the parasitized and nonn = 158, p = 0.045 respectively). parasitlzed conditions. A G-test of independence with
Protein concentration values varied between 0.48 contingence tables was used to study the relation beand 1.26 mg ml-' (Table 1) . Maximum values were tweeen the presence of Mytilicola intestinalis and the found in July in both localities. Only in Limens were locality where the culture was carried out; the columns the protein concentration values influenced by the were the number of infected mussels and uninfected collection date (ANOVA; n = 156, p < 0.05).
mussels. Gonad cellular types were compared with Maximum values of lysozyme activity and agglutinarespect to each location using a Kruskal-Wallis test.
tion titer were detected in July in Domayo and Limens In both locations, Mytilus galloprovincialis exhibited a n annual reproductive cycle. Large gonads and the presence of gametes occurred mainly in April. The proportion of gonad reserve cells (adipogranular and DISCUSSION vesicular connective tissue cells) was highest in October and lowest in April (Fig. 2) . The results of the The type and number of hemocytes from Mytilus galKruskal-Wallis test showed that gonadal development loprovincialis in this study were influenced by seasonal was influenced by the location where mussels were factors. Feng (1965) reported that the number of circugrown (n = 150, p < 0.05).
lating hemocytes in Crassostrea virginica is influenced The parasite with the highest prevalence (75.00% in by the amount of food and the temperature. If the temLirnens) was the copepod Myidcola intestinaLisfound in perature and food availability were directly correlated the digestive duct (Table 2) . Results for the G-test of with hemocyte density, the highest values should have independence showed that the presence of M. intestibeen found in October, when the highest temperature nalis was influenced by the locality (n = 156, df = 1, and highest chl a concentration occurred in Ria d e Vigo. G = 3.92, 0.05 > p 0.01). The ascetosporan Marteilia However we did not find high hemocyte numbers durrefringens that affects the stomach and digestive tubule ing this period. For both locations studied, the lowest cells was found only in Domayo but with a much lower counts were in July, a post-spawning period of low food prevalence (26.32 %) ( Table 2 ). The low prevalence of availability. Suresh & Mohandas (1990) reported that this parasite made statistical analysis impossible.
The highest mean values of temperature and chl a concentration were detected in October (Fig. 3A, B hemocytic infiltration and tissue damage of mussels infested by MytiLicola intestinalis. Here, significant differences were found in agranular and granular hemocytes between infested and non-infested mussels. A higher number of agranular hemocytes was found in April for both locations, a period of greater prevalence of M. intestinalis. Similarly, Ford et al. (1993) observed an increase in circulating agranular hemocytes in the American oyster to a parasite is degranulation, resulting from the fusion or exocytosis of granular hemocytes; thus, it is possible that the loss of circulating granular hemocytes could be the result of degranulation associated with tissue damage caused by M. intestinalis.
Mussels collected in LimCns had, in general, higher levels of lysozyme and proteins, and agglutination titer than those of Domayo. Fisher & Newel1 (1986) observed differences in hemolymph composition between oysters collected from different locales, attnbuting these differences to sustained differences in environmental conditions. In our study the temperature was similar at both sites and the food availability (chl a ) was slightly higher in Limens in October. Seasonal influences on bivalve hemolymph constituents have been well documented and a link with annual nutrient storage and gametogenic cycles has been proposed (Thompson 1977 , Mulvey & Feng 1981 , Fisher & Newel1 1986 ). An increase of hemolymph protein and lysozyme concentrations was found in oysters during a period of high chl a concentration and low temperature (Chu & La Peyre 1989) . In contrast, we found that levels of hemolymph protein and lysozyme, and agglutination titer were higher in July at both sites, a period of low temperature and chl a concentration, and decreased in October, a period of high chl a concentration and temperature. So, these exogenous factors (temperature and food availability) apparently play a role in the levels of these hemolymph constituents, but opposite to the role described by Chu & La Peyre (1989) for the American oyster. The increased lysozyme levels and agglutination titer in July, a postspawning period, were possibly linked to the end of the mussel reproductive cycle. Fernandez was also reported by Fisher & Newel1 (1986) , suggesting that the decrease in the concentration of hemolymph proteins may be a result of a n uptake by these rapidly developing gametes. Similarly, w e found a low protein concentration in a period when the developing rate of adipogranular and vesicular connective tissue cells was higher.
The role of hemolymph lysozyme and agglutinins in host defense function of oysters and other invertebrates is not clear . Feng & Canzonier (1970) found significant increases of lysozyme activity in oysters moderately infected with Haplosporidium nelsoni. In spite of the highest prevalence of Mytilicola intestinalis in Domayo mussels, our results did not show any relationship between either hemolymph lysozyme levels or agglutination titer with M. intestinalis prevalence for either location. Similarly, Chu & La Peyre (1989) did not observe any relationship between lysozyme and Perkinsus rnarinus prevalence in American oysters Crassostrea virginica. They argued that the observed seasonal changes in hemolymph lysozyme may be due to the oyster reproductive cycle.
In this study, several hemolymph components were affected by the locality and/or time of year in which the sample was taken; it is suggested that some of these components exhibited seasonal changes in relation to the reproductive cycle. Mytilicola intestinalis does affect the type of hemocytes, since significant statistical differences were found between infested and noninfested mussels; however, the way in which the parasite causes this variation remains unclear. Research is currently being focused in this direction, in order to better understand the role of the different hemolymph components and how the parasites can disturb the biochemical pathways. 
